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(54) Stabilization Slurries of 
Isoolefin Polymers 



(57) Polymerization slurries of 
elastomeric isoolefin homopolymers 
and copolymers, such as butyl rubber, 
in diluents such as methyl chloride are 
effectively stabilized against 
agglomeration of polymer particles 
through addition of minor proportions 
of (i) a preformed copolymer stabilizer 



having both a lyophobic or iyophilic 
portion, or (ii) an in situ formed 
stabilizer from a functional Iyophilic 
stabilizer precursor capable of 
copolymerizing or otherwise 
chemically bonding with the polymer 
product Agglomeration of polymer 
products is effectively prevented, 
yielding a number of significant 
processing advantages. The process is 
especially adaptable to the production 
of isobutylene-isoprene butyl rubber. 
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SPECIFICATION 

Stabilized Slurries of I so olefin Polymers 

This invention relates to the polymerization of elastomeric isoolefinic homopolymers and 
copolymers, especially the polymerization reaction required to produce the isobutylene-isoprene form 
5 of butyl rubber. More particularly, the invention relates to a method of stabilizing against agglomeration 5 
the polymerization slurries used in the preparation of such polymers, the medium, or diluent of such 
slurries being methyl chloride or certain other polar chlorinated hydrocarbon diluents. 

The term "butyl rubber" as used in the specification and claims means copolymers of C 4 — C 7 
isooieftns and C 4 — C 14 conjugated dienes which comprise about 0.5 to about 1 5 mole percent 
1 0 conjugated diene and about 85 to 99.5 mole percent isoolefin. Illustrative examples of the isoolefins 1 0 
which may be used in the preparation of butyl rubber are isobutylene, 2-methyl-1-propene, 3-methyl- 
1-butene. 4-methyl-1-pentene and 0-pinene. Illustrative examples of conjugated dienes which may be 
used in the preparation of butyl rubber are isoprene, butadiene, 2,3-dimethyl butadiene, piperylene 
2,5-dimethyihexa-2,4-diene, cyclopentadiene, cyclohexadiene and methyicyclopentadiene. The 
1 5 preparation of butyl rubber is described in U.S. Patent 2,356,128 and is further described in an article 1 5 
by R. M.Thomas et al. in Industrial and Engineering Chemistry, vol. 32, pp. 1283 et seq., October, 
1 940. Butyl rubber generally has a viscosity average molecular weight between about 100,000 to 
about 800,000. preferably about 250,000 to about 600,000 and a Wijs Iodine No. of about 0.5 to 50, 
preferably 1 to 20. " on 

20 The term isoolefin homopolymers as used herein is meant to encompass those homopolymers of w 
C 4 — C 7 isoolefins particularly polyisobutyiene, which have a small degree of terminal unsaturation and 
certain elastomeric properties. The principal commercial forms of these butyl rubber and isoolefin 
polymers such as isobutylene-isoprene butyl rubber and polyisobutyiene, are prepared in a low 
temperature cationic polymerization process using Lewis acid type catalysts, typically aluminum 
25 chloride being employed. Boron trifiuoride is also considered useful in these processes. The process 
extensively used in industry employs methyl chloride as the diluent for the reaction mixture at very low 
temperatures, that is less than minus 90° C* Methyl chloride is employed for a variety of reasons, 
including the fact that it is a solvent for the monomers and aluminum chloride catalyst and a 
nonsolvent for the polymer product. Also, methyl chloride has suitable freezing and boiling points to 
30 permit respectively, low temperature polymerization and effective separation from the polymer and 
unreacted monomers. t 

The slurry polymerization process in methyl chloride offers a number of additional advantages in 
that a polymer concentration of approximately 30% by weight in the reaction mixture can be achieved, 
as opposed to the concentration of only about 8% to 1 2% in solution polymerization. Also, an 
35 acceptable relatively low viscosity of the polymerization mass is obtained enabling the heat of 

polymerization to be removed more effectively by heat exchange. Slurry polymerization processes in 
methyl chloride are used in the production of high molecular weight polyisobutyiene and isobutylene- 
isoprene butyl rubber polymers. 

Notwithstanding the widespread use of the slurry polymerization process in methyl chionde, 
40 there are a number of problems in carrying out this process which are related to the tendency of the 40 
polymer product particles to agglomerate, and thereby destabilize the slurry dispersion. The rate of 
agglomeration increases rapidly as reaction temperature approaches -90°C. It is not possible to 
maintain a stable slurry above -80°C. These agglomerated particles tend to adhere to and to grow and 
plate out on all surfaces they contact, such as reactor discharge lines, as well as reactor inlet lines and 
45 any heat transfer equipment being used to remove the exothermic heat of polymerization, which is 
critical since low temperature reaction conditions must be maintained. 

Heretofore, no effective technique of stabilizing the slurry has been found other than by operation 
below 80°C and with high agitation in the reactor. It has become standard practice to design 
manufacturing facilities with additional reactor equipment so that the reaction process can be cycled 
50 between alternate reactor systems so that at any given time one or more reactors are in the process of 
being cleaned. If a stable slurry could be produced and maintained in a non-fouling condition, 
substantial economies in equipment installation and process techniques could be achieved. A further 
limitation imposed by the tendency of the polymer product particles to agglomerate is the inefficiency 
of heat exchange, which effectively prevents any attempt to heat exchange the cold reactor effluent 
55 with the incoming feed in order to realize savings in the refrigeration energy required. 55 
A general reference text which discusses the theory and principles concerning dispersion 
polymerization and in particular the use of block and graft copolymers as dispersion stabilizers is 
"Dispersion Polymerization in Organic Media", edited by K. E. J. Barrett, John Wiley & Sons, 1 975. 
While this text, particularly in Chapter 3, discloses the use of block or graft copolymers having an 
60 insoiuble component, or anchor group, and a diluent-soluble component in a number of dispersion 60 
polymerization processes, no disclosure is made of any stabilizer system useful in the methyl chloride 
slurry polymerization process for isoolefin homopolymers or butyl rubber copolymers as disclosed in 
accordance with the present invention. 

In published Netherlands Application 770760 (1977), filed in the U.S. on June 14. 1976, as S.N. 
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699,300. Markle et at disclose a non-aqueous dispersion polymerization process for conjugated 
diolefins in the presence of a block copolymer dispersion stabilizer, at least one block being soluble in 
■ the liquid organic dispersion medium and at least another block being insoluble in the dispersion 

medium. The Markle et al disclosure deals with the polymerization of a conjugated diolefin monomer in 
5 a liquid hydrocarbon dispersion medium such as n-butane, neopentane or mixed isomeric pentanes in 5 
the presence of a Ziegler-Natta Catalyst. The conjugated diolefins, particularly preferred by Markle et al, 
are butadiene-1 ,3, isoprene and piperylene, Markle et al also disclose mixtures of conjugated diolefins. 

The process of the present invention is considered distinguished from the disclosure of Markle et 
al in that it relates to a cationic polymerization carried out in a polar chlorinated hydrocarbon diluent, 
1 0 such as methyl chloride, utilizing stabilizers which are especially effective in that polymerization 10 
process. Markle et al deal with anionic polymerization processes conducted in a non-polar liquid 
hydrocarbon diluent 

In accordance with U.S. Patent 4,252,7 1 0 there has been discovered a method of stabilizing a 
polymerization slurry against agglomeration, the slurry containing an isoolefin homopolymer or a butyl 

1 5 rubber copolymer in a polymerization diluent, the diluent being methyl chloride, methylene chloride, 1 5 
vinyl chloride or ethyl chloride, which comprises incorporating into the reaction mixture which 
comprises the mixture of monomers, catalyst and diluent, or into the polymerization product slurry 
about 0.05% to 20% by weight, based upon the weight of product isoolefin homopolymer or product 
butyl rubber copolymer, of a stabilizing agent, the stabilizing agent being (i) a preformed copolymer 

20 having a lyophilic, diluent soluble portion and a lyophobic, diluent insoluble, isoolefin homopolymer or 20 
butyl rubber soluble or adsorbable portion, the stabilizing agent being capable of forming an adsorbed 
solubilized polymer coating around the precipitated isoolefin homopolymer or butyl rubber copolymer 
to stabilize the slurry, or (ii) an in situ formed stabilizing agent copolymer formed from a stabilizer 
precursor, the stabilizer precursor being a lyophilic polymer containing a functional group capable of 

25 copolymerizing or forming a chemical bond with the isoolefin polymer or butyl rubber copolymer being 25 
formed in the main polymerization process, the functional group being a cationically active halogen, 
either pendant or enchained or cationically active unsaturation, the lyophobic portion of the stabilizing 
agent being the isoolefin homopolymer or butyl rubber copolymer which is being formed in the main 
polymerization process, the stabilizing agent so formed being capable of forming an adsorbed 

30 solubilized polymer coating around the precipitated product polymer to stabilize the product polymer 30 
slurry. 

The quantity of stabilizing agent set forth above is expressed as a percent by weight of the 
product isoolefin homopolymer or butyl rubber copolymer. The exact quantity of stabilizer agent added 
to the reaction mixture is a function of the exact concentration of the feed blend and the estimated 
35 degree of conversion of monomers. In 8 typical butyl rubber reaction process for manufacturing 35 
isobutyleneisoprene butyl rubber, the reactor feed blend which is prepared contains about 25% to 35% 
by weight monomers, and typically 80% to 90% by weight of monomers are converted to polymer 
product. 

The disclosure deals with two forms of suitable stabilizing agents, both of which are effective in 

40 the polymerization diluent and serve to stabilize the polymerization slurry comprised of the polymer or 40 
copolymer particles which are produced in the basic polymerization reaction. As used herein, the term 
"polymerization diluent" is meant to refer to methyl chloride/methylene chloride, vinyl chloride and 
ethyl chloride. Methyl chloride is the preferred diluent in all embodiments of this invention. 

Utilization of a preformed block or graft copolymer, which is both lyophilic and lyophobic in the 

45 presence of the polymerization diluent, involves first providing a suitable copolymer. Generally, a 45 
preformed copolymer stabilizer must have a diluent insoluble anchor portion, which Is adsorbable or 
soluble in polymerized isoolefin or butyl rubber, as well as a diluent soluble portion which functions to 
keep the adsorbed polymer dispersed in the polymerization diluent 

The preformed block or graft copolymer stabilizer, subject to certain limitations as set forth 

50 below, may be added to the reaction mixture and can be present throughout the polymerization 50 
reaction to prevent agglomeration at reaction temperatures. Alternatively, a portion of the preformed 
stabilizer can be added to the reaction mixture and additional stabilizer can be injected into the reactor 
effluent lines to prevent agglomeration in downstream equipment 

Certain categories of preformed stabilizers, while being effective as slurry stabilizers in the 

55 present invention, are preferably added upon completion of the polymerization reaction. Thus, they are 55 
preferably added to the reactor effluent in order to prevent agglomeration during the final stages of 
processing. These preformed stabilizer copolymers are defined as those containing a substantial 
amount of cationically active unsaturation or functional groups, the functional groups being hydroxyl, 
ester, ketone, amino, aldehyde, nrtrile, amido, carboxyl, sulfonate, mercaptan, ether, anhydride, nitro, 

60 active allylic or active tertiary halogen. In this disclosure it was taught that cationic functionality on the 60 
stabilizer polymer or its components was in most circumstances to be avoided. 

In accordance with the present invention, functional groups with a low degree of cationic activity, 
or present at low concentrations may be only marginally active under typical butyl polymerization 
conditions. The degree to which these groups participate in the polymerization reaction to form 

65 chemical bond attachments to the product polymer depends upon the polymerization conditions 65 
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(monomer conversion, temperature, steady-state monomer and stabilizer concentrations, etc.). Under 
some polymerization conditions marginally active functional groups are effectively inert so that no 
appreciable chemical bond attachment to the product polymer occurs and the preformed stabilizing 
agent primarily functions by adsorption on the product slurry particles. Under other polymerization 
5 conditions appreciable chemical' bond attachment to the product polymer can occur through these 
marginally cationically active groups. To the extent that chemical attachment occurs, the preformed 
copolymer stabilizer is acting as a functional lyophile and forms, in situ, a new stabilizer with the 
product polymer as the lyophobe. 

If cationic activity is even higher, then extensive and multiple attachments to the product polymer 

1 0 can occur and the stabilizer may become undesirable for use during polymerization. Given that a 
stabilizing agent as disclosed herein functions effectively to stabilize the product polymer slurry, its 
suitability as a preformed stabilizing agent will be predicated, in part, on formation of a gel-free 
polymer product; the absence of gelled material on reactor surfaces is also a desirable feature. The end 
use application to which the product polymer will be put can have significant impact on the choice of 

1 5 stabilizing agent and its tendency to result in gel formation under the polymerization conditions. Some 
applications may require that the product be gel free, whereas in others the presence of gel may be 
tolerable or even preferable (e.g., mastics). 

The lyophilic portion of the preformed copolymer stabilizing agent employed in the present 
invention must be completely soluble in, or miscible with, the polymerization diluent A suitable 

20 criterion is that the lyophilic portion have a Flory-Huggins interaction parameter with the 

polymerization diluent of less than 0.5 or a Flory solvency coefficient with the polymerization diluent 
greater than 1. 

Suitable lyophilic polymers which meet these requirements and which do not adversely affect the 
catalyst or polymerization conditions include polystyrene, polyvinyl chloride, polyvinyl bromide and 
25 neoprene, with the preferred lyophilic portion being polystyrene, polyvinyl chloride, or polyvinyl 

bromide. Also suitable are substituted styrene lyophiles such as mono-, di- and tri-substituted styrenes, 
the substituents being halogen, such as chlorine, or lower (C^—Cg) alkyl groups, as illustrated by alpha- 
methyl styrene, para-t-butyl-styrene, p-chlorostyrene and similar ring chlorinated styrenes. It is also 
suitable to employ as the lyophilic portion combinations of two suitable lyophilic polymers such as 
30 copolymers of styrene and vinyl chloride. Thus, the term "lyophilic portion" as used herein is meant to 30 
encompass a portion composed of one or more monomers which meet the criteria for suitable 
lyophiles in the practice of the present invention. This lyophilic portion should have a degree of 
polymerization (D.P.) of at least about 20 and up to about 5,000 or 6,000. 

A number of significant factors influence the selection of the lyophobic portion of the stabilizing 
35 agent. The lyophobic portion is insoluble in polymerization diluent but should have a high affinity for 35 
the product polymer so that it is adsorbed or otherwise bonded onto the polymer particle. A lyophobic 
portion composed of the same material being produced in the cationic Lewis Acid catalyzed 
polymerization reaction, such as isobutylene homopolymer or isobutylene-isoprene butyl copolymer, 
makes an ideal lyophobic portion in the preformed stabilizer agent employed in the present invention. 
40 Suitable lyophobic materials generally include diluent insoluble polymers having a solubility parameter 40 
less than about 8 and a degree of polymerization (D.P.) of at least 1 0. Suitable materials include 
polyisoolefins generally of C 4 — C 7 isoolefins, such as polyisobutylene, butyl rubber copolymers 
generally, such as isobutylene-isoprene butyl rubber, polybutadiene, polyisoprene, ethylene/propylene 
copolymers, EPDM terpolymers, hydrogenated diene polymers, e.g. hydrogenated polybutadiene, SBR 
Rubbers, which are styrene/butadiene random copolymers of low styrene content and polydimethyl 
silicone, A particularly preferred preformed stabilizer for use in the production of isobutylene-isoprene 
butyl rubber is a preformed block copolymer stabilizer agent composed of an isobutylene-isoprene 
portion block or graft with about 20 to 80 weight percent styrene block or graft. Also preferred is a 
styrene-EPDM preformed stabilizer. 
50 In situ formation of the stabilizer utilizes a lyophilic polymer component having a functional group 50 

capable of reacting with the isoolefin or butyl rubber polymer being formed in the main polymerization 
process. In this embodiment, the polymer being prepared becomes the lyophobic portion of the 
copolymer stabilizer. 

The in situ method of preparing the stabilizer copolymer in the present invention involves first 
55 providing a stabilizer precursor which is a lyophilic polymer having a functional group capable of 55 
copolymerizing or otherwise reacting with the isoolefin polymer, e.g. polyisobutylene or isobutylene- 
isoprene, being formed in the main polymerization reaction to form the block or graft copolymer 
stabilizer in accordance with the present invention. The functional groups may be cationically active 
pendant or enchained halogen, preferably chlorine, or cationically active unsaturation. 
60 Formation of these stabilizer precursors may be accomplished through free radical polymerization 60 

of a lyophile such as styrene in the presence of carbon tetrachloride or by free radical copolymerization 
of a lyophile such as styrene with vinyl benzyl chloride. These stabilizer precursors will contain active 
halogen which lead to in situ formation of the stabilizer copolymer in the present invention through a 
chain transfer or co-initiation reaction mechanism. 
65 Formation of a stabilizer precursor containing cationically active unsaturation as the functional 65 
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qroup in the lyophile can be accomplished by anionically polymerizing a iyophile such as styrene and 
capping it with vinyl benzyl chloride or methallyl chloride whereby the residue of this vinyl benzyl 
chloride or methallyl chloride yields cationically active unsaturation. This stabilizer precursor then 
forms the stabilizer copolymer of the present invention by copoiymerizing with the isoolefin polymer or 
butyl rubber copolymer being formed in the main polymerization reaction. 

The above embodiments may be illustrated by first considering lyophilic polystyrenes having a 
reactive chlorine as an end group: 

ck - ci 




or an active enchained chlorine pendant to a styrene polymer chain 
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Lyophilic polystyrene stabilizer precursors represented above containing terminal or enchained 
active chlorine can be prepared, respectively by polymerizing styrene using free radical catalysts in the 
presence of carbon tetrachloride which acts as a transfer agent to yield a chlorine capped polystyrene 
and by copoiymerizing styrene with a minor amount of vinyl benzyl chloride to form a polystyrene 
containing enchained vinyl benzyl chloride. 

These lyophilic portions containing an active halogen will incorporate polystyrene into a 
polyisoolefin or butyl rubber copolymer chain by a transfer mechanism or co-initiation mechanism. 
Chain transfer is best illustrated by reference to an isobutylene polymerization. In this reaction a 
growing isobutylene carbonium ion abstracts the active halogen as a Cl^ from the lyophilic 
polystyrene to yield a CI G capped polyisobutyiene chain and a polystyr/1 carbonium ion which, in the 
presence of isobutylene monomer, propagates to form a stabilizer block copolymer consisting of a 
polystyrene chain attached to an isobutylene chain. A graft copolymer can also be formed and in the 
present invention the term stabilizer copolymer or stabilizer polymer may include blocks, grafts, 
mixtures thereof or other configurations resulting from copolymerization reactions. The same 
mechanism would apply to utilization in isobutylene-isoprene polymerization. The mechanism is 
illustrated for reaction with polyisobutyiene by the following equations: 
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Copolymer Stabilizer 



♦Where the end group depends upon reaction conditions and may be other than that shown 
above. 
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Co-initiation may be illustrated with reference to the following equations showing the AICI 3 
polymerization of isobutylene where the stabilizer precursor is a chlorine-containing polystyrene. 
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Stabilization of the polymerization slurry can be accomplished utilizing as the stabilizer precursor 
in an anionically polymerized lyophlle. such as polystyrene, capped with the residue of vinyl ; benzyl 1U 
chloride molecule or a methallyl chloride molecule represented respectively by formulas I and II below: 




nbeina an inteaer such that the Mn of the polystyrene chain is about 25.000 to 75.000. 

1 5 ' In thi eXdiment of the present InvenU the functional lyophile as illustrated ^ Pjjystyrene 1 5 
is caoab e of copolymerizing with isoolefin through the residue of the vinyl benzyl o. -methallyl unit 
whTch contains StKicatly active unsaturation. Stabilization is effected by linMng the d.luent soluWe 
"SftE isoolefin polymer or butyl rubber copolymer as it is formed P^enzatton 
orocTss A vinyl benzyl chloride capped polystyrene is especially preferred in the stab.hzat.on of methyl 

20 S££*A comLing isobuty^eneioprene butyl rubber ' S 
prepared by anionically polymerizing styrene to a molecular ^f^}}'^^^^^LNx«» 
presence of n-buty. lithium catalyst and then adding vinyl benzyl c ilonde to cap the 
chain and precipitate lithium chloride to form the stab.liz.ng agent set forth . nformul I above- 
Employment of a stabilizer precursor comprising the d.luent soluble polymer with a funct onai 

o R orouo beina capable of forming a covalent chemical bond with the isoolefin un.t In the polymer 

means that the insoluble or lyophobic portion is not formea until the stabilizer precursor becomes 
Cached to an isoolefin unit during polymerization. Thus the stabilizing molecuU, is formed in situ 
during the polymerization process. Selection of the lyophilic port.on is governed by the same 
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considerations, including the degree of polymerization values, described above when the preformed 
block copolymer stabilizing agent is used. Thus, suitable polymerization diluent soluble polymers 
include polystyrene, polyvinyl chloride, polyvinyl bromide, neoprene and the substituted styrenes as 
described hereinabove, with polystyrene being particularly preferred, 
5 In using this stabilizing method, it is important that the functional group be active under the 5 

cationic polymerization conditions and that the stabilizing agent and functional group not interfere with 
any aspect of the basic polymerization process. When a preformed copolymer Is used, its effectiveness 
is not dependent upon in situ completion of the formation of the stabilization agent, but, as described 
above, some degree of in situ participation of the preformed copolymer can occur. 
1 0 Suitable lyophilic polystyrenes with functional groups capable of bonding with the product 1 0 

polymer and especially with an isobutylene unit In preparation of polyisobutylene homopolymer or 
isobutylene-isoprene butyl rubber copolymer are those functional polystyrenes having a number 
average (Mn) molecular weight in the range of about 5,000 to 1 50,000 and preferably in the range of 
about 25,000 to 7 5,000. 

1 5 The process of the present invention offers a number of significant advantages resulting from the 1 5 

achievement of a stabilized butyl rubber slurry. These include elimination of reactor equipment fouling 
and plugging, the ability to operate at higher slurry concentrations, increased reactor production rates, 
the capability of refrigeration recovery by heat exchange of reactor effluent with incoming reactor feed, 
increased reactor run length time as well as the ability to polymerize at warmer reactor temperatures. 

20 A further embodiment of the present invention comprises the stabilized slurries of isoolefin 20 
homopolymer or butyl rubber copolymer prepared in accordance with the present invention containing 
up to about 50% by weight isoolefin homopolymer or butyl rubber copolymer, particularly a stabilized 
slurry of isobutylene-isoprene butyl rubber in methyl chloride, said slurry containing up to about 50% 
by weight butyl rubber, or a slurry containing up to about 50% by weight polyisobutylene. 

25 A further embodiment of the present invention is a novel method of preparing non-agglomerating 25 

homopoiymers of C 4 — C 7 isoolefins and butyl rubber copolymers by polymerizing the corresponding 
monomers at temperatures from about — 90° C to about — 20°C in the presence of a Lewis Acid 
cationic polymerization catalyst in a polymerization diluent selected from the group consisting of 
methyl chloride, methylene chloride, vinyl chloride and ethyl chloride in the presence of a stabilizer, the 

30 stabilizer being either (i) a preformed copolymer having a lyophilic, diluent soluble portion and a 30 
lyophobic diluent insoluble but isoolefin or butyl rubber soluble or adsorbabie portion or (ii) an in situ 
formed stabilizer copolymer formed from a stabilizer precursor which is incorporated into the reaction 
mixture, the stabilizer precursor being a lyophilic polymer containing a functional group capable of 
copolymerizing or otherwise reacting with the isoolefin or butyl rubber copolymer being formed in the 

35 main polymerization process, the functional group being a cationically active pendant or enchained 35 
halogen or cationically active unsaturation, the lyophobic portion of the stabilizing agent being the 
isoolefin or butyl rubber polymer formed in the main polymerization process. 

A particular point of novelty is the capability to form non-agglomerating isoolefin homopolymer 
or butyl rubber copolymer at temperatures of from about — 90° C to — 20°C utilizing AICI 3 as well as 

40 other cationic Lewis Acid polymerization catalysts such as aluminum alkyls, as exemplified by 40 
aluminum ethyldichloride, TiCI 4 , BF 3 , SnCI 4 , AIBr 3 and other Fried el-Crafts catalysts. 

A particularly preferred embodiment of the present invention resides in the preparation of non- 
agglomerating isobutylene-isoprene butyl rubber by cationic polymerization of the corresponding 
monomers at temperatures of from about — 90°C to — 20°C utilizing as the catalyst AICI 3 or aluminum 

45 ethyl dichloride in methyl chloride, methylene chloride, ethyl chloride or vinyl chloride diluent utilizing 45 
the stabilizer polymers of the present invention. Heretofore, it has simply not been possible to prepare 
non-agglomerating butyl rubber at temperatures warmer than about — 90°C. Furthermore, 
maintenance of a stable polymerization slurry at such temperatures enables the use of a wide variety of 
catalysts other than AICI 3 to become practicable. 

50 The invention is further illustrated by the following examples which are not to be considered as 50 
limitative of its scope. All percentages reported are by weight unless otherwise stated. 

Example 1 

The following two stabilizers were evaluated in a butyl rubber polymerization reaction. The 
stabilizers are designated as "S-1 " and "S-2'\ 
55 S-7 — a butyl polymer (isobutylene-isoprene) with 29 wt% styrene grafted onto it and having a 55* 

viscosity average molecular weight of 588,000. 
5-2 — a butyl polymer (isobutylene-isoprene) with 1 9% by weight of methyl methacrylate 

grafted onto it and having a viscosity average molecular weight of .330,000. 
In conducting the batch polymerization trials, a butyl feed blend was prepared and divided into 
60 three aiiquots and then all three were stored cold with agitation until the stabilizers had completely 60 
dissolved. The feed blends were prepared and handled in a nitrogen purged dry box and specially 
purified and dried monomers and methyl chloride were used. A stirred bath filled with 2-methyl 
pentane and cooled to — 90°C with liquid nitrogen was built into the dry box and the flasks containing 
the feed blends were kept cold by immersion in the cold bath. The three feed blends prepared were: 
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A (Run 3) B(Run1) C(Run2) 

Isobutylene 12O0 ]20.0 J^f. 

Methyl Chloride 1014.4 1014.4 1014.4 

IsoDrene 3.71 3.71 3.71 

5 SluYry Stabilizer None (S-D3.60 (S-2)3.60 

A catalyst solution consisting of 0.1 8% AICI, in methyl chloride was also prepared for use in 

^^ShTSlSSi had compietely dissolved, a batch polymerization was run with each of the 
feeds. The flasks containing the feed blends and fitted with a stirrer thermowells. and port through 

1 0 which catalyst solution could be dripped in. were immersed in the liquid nitrogen-coded 2-methy 
pemane baft in the dry box and stirred and cooled to -97»C. Catalyst solution was hen aUowed to 
drip in slowly from a dropping funnel to initiate polymerization and cause the butyl sk.rry to form. The 
catalyst solution was dripped in slowly to keep reactor temperature from warming above -90 C 
When sufficient polymer had been formed, the reaction was quenched by addition of 25 ml. of cold 

1 5 MBK <™tM isoUyl ketone) and the flask containing the quenched ^^^^XTh 
and st rrer in place was removed from the dry box and placed into a standard laboratory hood where it 
was Sired slowly and allowed to warm. 500 ml. of chilled MIBK was added to the i flasks ; and the 
methyl chloride and unreacted monomers were allowed to vent out 'into the hood through he open 
^ntrvSch the catalyst had been dripped. By the time the flasks had warmed to room temperature. 

20 all the monomers and methyl chloride had flashed off and the flasks contained the butyl rubber 20 
produced during polymerization in the MIBK. The stability of the slurry was observed dunng 
Polymerization and warm-up; and then the slurry in MIBK at room temperature was carefully exam.ned 
at room temperature before the polymer was recovered for analysis. ..♦ a mi:,„__ a 
Polymerization trial 1 was conducted with feed blend B containing S-1 as the slurry «aM«r-a 

25 total of 1 50 ml. of catalyst was used and 85% conversion of monomers to butyl polymer was achieved. 25 
A stable slurry resulted (as described more fully below) and the recovered polymer had a viscosity 
Average modular weight of 302.000 and an 1N0P0 of 10 "INOPO" is a method for the de^minat.on 
of the degree of unsaturate in butyl rubber as reported in Industr.al and Eng.neenng Chemistry. / 7. 
367 ( 1 945): it is also referred to as the Iodine-Mercuric Acetate Method. 

30 Polymerization trial 2 was conducted with feed blend C containing 5-2 as the slurry stabilize . 30 
The polymTri ation was badly poisoned and a total of 600 ml. of catalyst was added to achieve , on* 
32% conversion of monomers to polymer. Nevertheless, a stable slurry resulted lb»d«M more 
fully below) and the recovered polymer had a viscosity average molecular weight of 227 000 

Polymerization trial 3 was conducted with feed blend A containing no stabilizer. A total of 1 25 

35 ml of caK wa S added to achieve 75% conversion of monomers to butyl polymer. The slurry was 35 
very u33 completely agglomerated. The recovered polymer had a viscosity average molecular 

this Trials 1 and 2. containing the stabilizers, the slurry ^^3^^ 40 

40 appeared as a thick milk with no agglomerates apparent Furthermore, no polymer tfajd out on the 
stirrer or any of the wetted reactor parts; a small polymer rind did form on the reactor wall at the 
vapoJ/liquid interface in the reactor, and polymer deposited on the dry reactor wall due to W In 
Trial 3 containing no stabilizer, a much heavier rind of polymer formed at the vapor/liquid interface in 
the reaS and many agglomerates were visible in the thick milk which formed. Furthermore, polymer 

45 deputed on th t Tsir'and all reactor surfaces so that it became very difficult to even observe the 45 

slurry by the time the run was terminated. i „,u-i, 1 , n H in 

The differences in slurry stability became even more pronounced dunng warming in the hood. In 
Trial 3 containing no stabilizer, the slurry agglomerated very rapidly as it was allowed to warm ft 
-85°C there was no longer any milk left but a clear liquid containing large agglomerates and pieces of 

50 rubLr S warming continued, all the polymer agglomerated Into one large mass and stirnng became 50 
iS^^ES 1 and 2 containing' the stabilizers, a noticeable coarsening of the * in, ' occurred 
during warming so that visible particles could be distinguished, but the slurry remained as a thick milk 
Tn appearance and no agglomerates of appreciable size formed. At room ^mperature a stable slurry 
smtlmS No polymer had deposited on the wetted surfaces, and most of the nnd had fallen into 

55 the sfuTry ZdTssTspe%e6 as small pieces. The polymer deposited on the dry reactor wal s of course. 55 
S Troom temperature, the slurry from Trial 1 was still a stable mHk with many ^visible 
oartfdes up to 1/8" in dimeter; whereas, the slurry from Trial 2 was a stable milk with almost no 
K ^ partic es! Both stabilizers were quite effective, but S-2. the b «^™} hac ^^ 
was the best. However, as expected, the polymethyl methacrylate d.d interfere strongly with the 

60 polymerization so that much more catalyst was required and the ^buty. ^o<ec"lar we-ght was 60 
depressed. The butyl/methyl methacrylate graft copolymer would no be suitable for use as a slurry 
stabilizer in the reactor, but could be injected Into the reactor effluent to stab.lize the slurry for heat 
exchange. 
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The greatly improved stability of the slurries produced in Trials 1 and 2 was also evident during 
polymer recovery. The slurry particles were much too fine to settle or screen out of the MIBK, and it 
was necessary to add a large amount of methanol (a non-solvent for the ryophile) before the slurry 
could be caused to separate from the MIBK for recovery. Even then f the rubber remained particulate 
5 and was easily redispersed by stirring. 

This work shows that butyl rubber slurries in methyl chloride can be stabilized with appropriate 
graft copolymers containing lyophobic and lyophilic portions. The stabilized slurries survive warming to 
room temperature without massive agglomeration and thus could be heat exchanged to recover 
sensible refrigeration energy. A graft copolymer containing 29 wt% styrene grafted onto isobutylene- 
1 0 isoprene butyl and a graft copolymer containing 1 9% methyl methacrylate grafted onto isobutylene- 
Isoprene butyl are both effective slurry stabilizers. The styrene graft copolymer does not inactivate the 
butyl polymerization catalyst or interfere with polymerization and hence can be added to the butyl feed 
to stabilize the slurry as it forms and prevent agglomeration and fouling in the reactor. 

Example 2 

15 A batch dry box polymerization was run to evaluate a diene/styrene block copolymer as a butyl 1 5 
slurry stabilizer in the reactor during polymerization. The stabilizer was a diene/styrene block copolymer 
prepared via anionic polymerization and designated as S-3. The diene block was an isoprene/buta diene 
copolymer which was attached to a pure styrene block. The overall polymer composition was 27 mole 
% styrene, 34.4 mole % isoprene and 38.6 mole % butadiene with an Mn of 63,000. For convenience 

20 in adding it to the reactor, the block copolymer was dissolved in methylene chloride to give a 0.5% 20 
solution. 

In order to conduct the batch polymerisation trials, a butyl feed blend was prepared in the dry box 
as for Example 1 . The feed blend consisted of: 

Isobutylene 230.40 g. 

25 Methyl Chloride 1 947.50 g. 25 

Isoprene 7.13 g. 

Polymerizations were conducted in stirred 500 mi, 4-neck round bottom flasks immersed in the 
liquid nitrogen cooled 2-methyl pentane bath in the dry box and each flask contained a thermoweli to 
permit monitoring polymerization temperature and a port into which catalyst could be dripped to 

30 initiate polymerization. 230 g. aliquots of the feed blend (consisting of 24.25 g. isobutylene, 0.75 g. 30 
isoprene and 205 g. methyl chloride) were weighed Into the 500 ml. reaction flask for each batch run 
and the flask was stirred and cooled in the 2-methyi pentane bath to -83°C before polymerization was 
initiated. A warmer than normal polymerization temperature was used so that an unstabiiized slurry 
would agglomerate in the reactor during polymerization and the effectiveness of the stabilizer could 

35 thus immediately be determined. Catalyst was allowed to drip in slowly to keep reactor temperature 35 
below — 80°C and the polymerizations were quenched with methanol at the end of the run. 

Example 2(a) 

Polymerization was initiated by adding diethyl aluminum chloride in hexane as catalyst to the 
chilled stirring feed and then dripping in a dilute solution of chlorine in methyl chloride as co-initiator to 
40 produce the desired amount of polymer. The diethyl aluminum chloride (DEAC) was added as a 22.5% 40 
solution in hexane and the chlorine was dripped in as a 0.036% solution in methyl chloride. 

In this control run containing no slurry stabilizer, 5 ml. of 22.5% DEAC were added to 230 g. of 
feed in the 500 ml. flask and then 3.5 ml. of the 0.036% Cl 2 solution was dripped in slowly to initiate 
polymerization. A slurry formed and then agglomerated into a ball directly in thejBactor. A 2 1 % 
45 conversion of monomers to butyl was achieved to produce a butyl polymer with Mv=285,000 and 45 
IN0P0=8.2. 

Example 2(b) 

In this run, 1 0 g. of the 0.5% solution of S-3 in methylene chloride was added to 230 g. of feed in 
the 500 ml. flask to give a feed blend containing 0.2% stabilizer on monomers. Then 5 ml. of 22.5% 

50 DEAC was added followed by dripping in 3 ml. of the 0.036% Cl 2 solution to produce the polymer. In 50 
this run, a stable, milky appearing slurry was formed which showed no tendency to agglomerate during 
polymerization or after quenching. A 20% conversion of monomers to butyl polymer was achieved. The 
polymer was recovered by allowing the methyl chloride to flash off In the hood and then washing the 
deposited polymer in methanol. The diene/styrene block copolymer was an effective slurry stabilizer at 

55 — 80°C. Unfortunately, the polymer recovered from this run contained 60% gel. Apparently, the diene 55 
copolymer chain segment participates in the polymerization to cause gel formation. Hence, while the 
diene/styrene block copolymer was an effective slurry stabilizer, it would not normally be desirable to 
have it present in the reactor during polymerization under conditions similar to those employed herein. 
It is apparently the isoprene moieties in the diene chain which participate in the polymerization and 

60 cause gel formation. 60 



9 



GB 2 093 466 A 9 



25 



30 



The results of experiments of Example 2(a) and 2(b) do show though, that a dene/serene block 
polymer containing 27 mole % styrene can function as a slurry stabilizer for a butyl slurry ,n methyl 
chloride, preferably if added after completion of polymenzation. 

5 EX3m A iries of batch dry box runs, very similar to those described inExample 2. was run toevaluate 5 
two other diene/styrene block copolymers as butyl slurry stabilizers. The block copolymers evaluated 

W ere ff^^SS^i 2i"iSSSUith an isoprene/butadiene diene copolymer block and 
a pure styrene block with an"Mn of 82.000. The overall polymer compos.tion was 36 
! o mole % styrene. 46 mole % Isoprene and 1 8 mole % butadiene. 

S-5 A diene/styrene block copolymer with an Isoprene/butad.ene copolymer block and a 

pure styrene block with an"Mn of 65,000. The overall polymer composition was 5 1 
mole % styrene, 39 mole % isoprene. and 1 0 mole % butadiene. 
The diene/styrene block copolymers were dissolved in methyl chloride as 1 % solutions ; for , 5 

1 * to the reactions A feed blend was prepared as in the previous examples and aliquots were placed into i » 
1 ^^mSS^r^whSto runs. Each run was conducted with 230 g. of feed conta.nmg 
24 25 grTms isobutylene' 076 9- isoprene and 205 g. methyl chloride. The slurry stabM izer s added 
at 2% on monomers. Polymerizations were started at -83°C and kept colder than -80°C as ^ 
Example 2. Polymerization was initiated by adding 1 ml. of 1 0% tnethyl alum.num (TEAL) ir, , hexane 
20 andTen dripping in 1%TiCI s in methyl chloride to form the catalyst system and produce the des.red 

am °Tn\°Srrun with no stabi.izer. 1 m.. of l^^^^^^o^ 1 * 1 ^ 
was dripped in to give 61 % conversion of monomers to polymer with an Mv of 3 1 7.000 and an 
!SoPO of 1 ol A muddy brown slurry formed and immediately agglomerated to g.ve a clear brown 

25 liquid containing a large mass of agglomerated polymer. lot-nri ' 

In the run with S-4 as the slurry stabilizer. 1 ml. of 1 0% TEAL in hexane and 1 5 ml. of 1 %TiC 4 
was added to Jive 64% conversion of monomers to polymer while in another run 
TtabiUzer 1 5 ml. of 1 % TiCI 4 was added with 1 ml. of 1 0% TEAL in hexane to give 62% conversion of 
monomers i?^*Both th«. polymers had a high gel ~"tent and so could not be Me»»d. 

30 In both these runs, a muddy brown milk formed and then slowly partlaHy ^9 lo ^. t e e m -? ,e s,urr,es 
produced were much more stable than the control, but did not pers.st as a fine stable m.llc 
P These runs again show that diene/styrene block copolymers can funcfon as slurry abihzers for a 
butvl slurrv in methyl chloride, but that diene chains containing isoprene moieties, present during 
pSmStL under conditions similar to those used here, can result in gel formation; these stab.hzers ^ 

35 are suitable for use when added to reactor effluent 

^"a' set of batch dry box runs very similar to those described in Examples 2 and 3 were run to 
eva.uate a preformed d'iene/styrene block copolymer stabilizer in which the diene b'^sisted 
entirely of butadiene. The block copolymer was prepared by f nionic P° ^ 3 40 

40 lithium catalysis and was designated as S-6. The block copolymer had the following analyses. 44.J 
mole % butadiene, 55.7 mole % styrene [rTIn=6400; Mw=9200 by GPC (gel permeation 
chror^tography)]. eva|uations , 8 feed b!e nd was prepared as in the previous _e xamples and 

stability was evaluated as in the prior examples. mnrp stable 55 

55 The slurry produced in Run B with 4% slurry stabilizer on monomers was "^J^ 1 

than thai produced in control Run A with no stabilizer. In the control run ^J^^^T ■ 
reactor wa'l.s and stirrer during polymerization and many ^^^^^^^ 
was transferred cold to the hood. It agglomerated very ^^^^^^^^is'C^utfhBr 
already a clear liquid with a large agglomerated mass of rubber by the time It £~hea « f 
60 stirring was impossible. In Run B with 4% S-6 on monomers as stabilizer, a stable n \ h ' c ! c ^™ me 
w h no pfat ing out on wetted reactor surfaces. It remained stable during warming and at room 
Tmpe'STws a fine dispersion of butyl rubber in MIBK. Average sTrie^again. 
slurry settled slowly when stirring was stopped but easily redispersed when stirring was started again. 
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Clearly the fautadiene/styrene block copolymer is an effective slurry stabilizer and produced a stable 
slurry that could survive warming to room temperature without massive agglomeration. 

The polymer from Run B was recovered by allowing the slurry to settle and decanting off the 
MIBK and then reslurrying twice in acetone and decanting to remove as much of the soluble block 
5 copolymer stabilizer as possible. A stable dispersion resulted during the acetone washes. Methanol 5 
was then added to the remaining rubber and it immediately agglomerated into a mass which was 
washed and then vaccum oven dried to recover 1 5.79 grams of an opaque, white tough rubbery butyl 
polymer with an Mv of 1 ,1 54,000 and an INOPO of 9.7. It was completely solubleand contained no 
gel. Polymer recovered from the control Run A was similar in appearance with an Mv of 1,1 30,000 

10 and an INOPO of 8.3. 10 
The MIBK and acetone decants from Run B were combined and evaporated to concentrate the 
extracted block copolymer which was recovered by adding methanol to precipitate it as a soft mass 
which was filtered out and then vacuum dried to recover 1.56 g. of styrene/butadiene block copolymer 
with similar inspections to the added copolymer. Only 79% of the copolymer stabilizer was extracted 

15 by this procedure with the rest being contained in the butyl as shown by the higher INOPO of the 1 5 

stabilized polymer. 

These runs show that a butadiene styrene block copolymer is an effective stabilizer for a butyl 
slurry in methyl chloride and it can be present during polymerization without causing gel or adversely 
affecting the butyl polymer produced. 

20 Example 4A 20 
A batch dry box run very similar to that of Examples 2 to 4 were run to evaluate a functional 
group containing polystyrene as a stabilizer for a butyl slurry in methyl chloride. The functional 
polystyrene was a low molecular weight anionic polystyrene capped with vinyl benzyl chloride and had 
the following structure: 

The end functional group is cationically copolymerizable with isobutylene-isoprene and can 
become incorporated into a growing butyl chain during polymerization to yield a butyl molecule 
containing one or more pendant lyophilic polystyrene chains thereby to act as a slurry stabilizer. The 
vinyl benzyl chloride-capped polystyrene evaluated as a functional lyophilic stabilizer precursor and 
30 designated as S-7 in this run had the following analysis: Mv=1 4,800;*Mn=1 0,960, Mw/Mn=1 .41 ; 30 
Taylor l 2 No.=2.1 5. 

The batch polymerization to evaluate the stabilizer was run in a 500 ml. round bottom flask as in 
the previous example, but at typical butyl polymerization temperature and using AICI 3 as the catalyst. 
Also, a feed charge of 460 g. was used so that the 500 ml. flask was nearly full and the dry wall area 

35 on which rubber could plate out was minimized. The feed charged to the flask was 48.5 g. isobutylene, 3 5 
1 .5 g. isoprene and 41 0 g. methyl chloride. Two grams of the S-7 stabilizer precursor was added to the 
feed. The polystyrene was added as a dry powder and stirred in cold. It was of such low molecular 
weight that it dissolved within a few seconds. No stabilizer precursor was added in a control run. A 
0.13% solution of AICI 3 in methyl chloride was added dropwise to the stirred chilled feed to produce 

40 polymer as usual. Polymerization was begun when the stirred feed reached — 97°C and catalyst rate 40 
was controlled to maintain reactor temperature below — 90°C, The polymerization was quenched with 
cold MIBK and then transferred to the hood where It was allowed to warm slowly with stirring as in 
Example 1, and cold MIBK was added as the methyl chloride flashed off. & total of 200 ml. of MIBK 
was added. Slurry stability was evaluated as in prior examples. 

45 The slurry produced in the run of this example with 4% stabilizer precursor on monomer was 45 
markedly more stable than that produced in the control run with no stabilizer precursor. A lot of 
polymer deposited on the reactor walls and stirrer during the control run and the slurry contained many 
visible agglomerates when examined cold in the dry box. It agglomerated quite rapidly during warming 
in the hood and was already a clear liquid with large agglomerates by the time it had warmed to 

50 — 80° C. At room temperature the rubber was one solid mass in clear MIBK. In the run of this example 50 
with 4% S-7 on monomers as stabilizer the slurry formed as a nice stable thick milk with no visible 
particles and no plating out on wetted reactor surfaces. It remained stable during warming and at room 
temperature was still a very fine stable dispersion of butyl rubber particles in the MIBK. Considerable 
particle growth had occurred during warming and the slurry would settle slowly when stirring was 

55 stopped, but easily redispersed when stirring was started again. The slurry particles were fine specks of 55 
rubber much less than 1 mm in size. Clearly the functional polystyrene is an effective slurry stabilizer 
precursor and results in the in situ formation of a copolymer stabilizer that produces a stable slurry 
which survived warming to room temperature without massive agglomeration. 

In order to determine how much of the functional polystyrene had reacted during polymerization 

60 and become incorporated into the butyl, the unreacted polystyrene was extracted and recovered during 60 
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polymer workup. The slurry was allowed to settle and the clear MIBK layer containing the dissolved 
unreacted polystyrene was decanted off. The slurry was then reslurried in 300 ml. of acetone which is a 
good solvent for the polystyrene and again allowed to settle and the clear acetone layer containing 
additional dissolved polystyrene was decanted and combined with the decanted MIBK. This was 
5 repeated twice to extract all the polystyrene not attached to the butyl. The slurry showed no tendency 
to agglomerate during this treatment. It redispersed rapidly when stirred in the acetone to fine particles 
less than 1 mm in size and settled slowly. The incorporated stabilizer had formed an effective barrier 
against agglomeration and was maintaining the slurry stable as discrete particles. After the final 
decanting, methanol, a non-solvent for polystyrene, was added to the rubber slurry to agglomerate the 

1 0 particles sufficiently to allow recovery. The combined MIBK and acetone extracts were evaporated to 1 U 
concentrate the dissolved functional polystyrene which was then recovered by adding methanol to 
precipitate it and then filtering. 1 -60 g. of functional polystyrene were recovered indicating that 0.4 g. 
had reacted and combined with the butyl. The recovered polystyrene had an Mv of 1 5,900 and a 
TAYLOR l 2 No. of 1 .35 showing it was similar to the charged material but slightly less functional. 36.73 

15 g. of butyl rubber were recovered with an Mv of 589,000 and INOPO of 9,1 . Thus 73,5% conversion 
of monomers to butyl had been achieved and 20% of the functional polystyrene had become 
incorporated in the rubber in non-extractable form. Material balance thus indicates the butyl contained 
1.1% polystyrene by weight This was confirmed by U.V. and NRM analyses. This work shows that a 
functional polystyrene can be chemically bonded with a portion of butyl during polymerization to 

20 effectively stabilize the resulting slurry. 




CH 2 - CK \ CH 2 - C = CH 2 
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and did not contain a functional group active in cationic polymerization. It had the following analyses: 
TvW=1 1 ,200fMn=9,1 70. Mw/Mn=1 .22; TAYLOR lj# =0. 
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Example 5 , , 

Batch dry box runs exactly like those described in Example 4A were run to evaluate other low 
molecular weight polystyrenes as slurry stabilizer precursors. An anionically polymerized polystyrene 
capped with methallyl chloride designated as S-8 was used as a stabilizer precursor in this example. 
25 This functional polystyrene had the following structure: 25 



and contained an end functional group capable of becoming incorporated into a growing butyl chain. 
This functional polystyrene had the following analyses: 

~Mv=1 3,300fMn=9,260; Mw/Mn=1 .41 ; lNOPO=2.96. 

30 A comparative experiment was carried out using an anionically polymerized polystyrene 30 
quenched with methanol, and therefore, nonfunctional. This polystyrene had the following structure: 



35 



35 The batch polymerizations were run exactly as described in Example 4A and the same workup 
procedures were used. The polystyrenes were added to the feed aiiquots in the 500 ml. reactors as dry 
powders and dissolved within a few seconds. The polystyrene level was 4% on monomers. 

As described previously, unstable slurries which agglomerated rapidly and completely dunng 
warmup resulted from the control runs with no stabilizer. A stable slurry which survived warming to 

40 room temperature resulted from the run of this example with the methallyl chlonde capped 

Dolvstyrene, S-S, as stabilizer precursor. Some growth occurred during warming, but the final slurry 
particles were all <0.1 " in diameter. Of the 2.0 g. of polystyrene charged, 1 .66 g. were recovered by 
the extraction procedure indicating 0.34 g. had become incorporated in- non-extractable form into the 
butyl 43.71 g. of butyl were produced indicating an 87.4% conversion of monomers to butyl and a 

45 1 7% incorporation of the functional polystyrene. The slurry was stabilized by incorporation of about 
0.4% incorporated functional polystyrene. The recovered polystyrene was essentially identical to the 
charged material: 

"Mv=1 4,300; INOPO=2.88. 



The butyl had an!vTv=628 ( 500 and IN0P0=9.4. 
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The slurry which resulted from the comparative run with the non-functional polystyrene as 
stabilizer was quite unstable but better than the control. It agglomerated quickly during warmup and at 
room temperature the rubber was in larger chunks ranging from 1/4" to 1 *. Of the 2.0 g. of polystyrene 
charged, 1 .99 g. were recovered unchanged by the extraction procedure indicating that none had 
5 become incorporated, 37.30 g. of butyl were recovered showing that 74.6% conversion of monomers 5 
to butyl had been achieved. 

These experiments show that a non-functional polystyrene does not Incorporate into the butyl 
during polymerization and is not an effective stabilizer precursor. The work further shows that a 
methallyl chloride capped polystyrene is an effective stabilizer precursor with only 0.4% incorporation 
10 into the rubber imparting very good stability. However, the methallyl chloride capped polystyrene is not 1 0 
as readily incorporated into the polymerizing butyl as was the vinyl-benzyl chloride capped polystyrene, 
under the conditions used in Example 4A. 



Example 6 

Another series of batch dry box polymerization was run exactly like those described in Examples 
15 4A and 5 except at a very warm polymerization temperature to prove that stabilized slurries would 

permit polymerization at higher temperatures. In this series of dry box runs polymerization was initiated 
at a reactor temperature of — 47°C and the catalyst rate was controlled to keep reactor temperature 
below— 40°C. The functional polystyrene used as stabilizer precursors were: 

S-9 in run 6(a) was a vinyl benzyl chloride capped anionic polystyrene with the following 
20 analyses: 

*Mv==26 t 930;TvTn=2 1,790; Mw/Mn= 1.3 9; TAYLOR 1 2 No.=1.l0. 

S-10 in run 6(b) was a vinyl benzyl chloride capped anionic polystyrene with the following 
analyses: 

Ttfv=50,500;"Mn=34,940; Mw/Mn=1 .56; TAYLOR i 2 No,=0.66. 



25 The stabilizer precursors were added to the feed aliquots as dry powders and dissolved almost 

instantly as described earlier. The stabilizer precursors were added at only 1 % on monomers in these 
runs. The feed blend was as described above in Example 2 and 0.1 5% AICI 3 in methyl chloride was 
used as the catalyst. In a control run with no stabilizer, 10.5 ml. of catalyst were added to give 
essentially complete conversion of monomers to polymer with an Mv of 1 50,000 and INOPO of 5.1 . 

30 The slurry was very unstable and ail of the butyl agglomerated into a large mass at once. In run 6(a) 
with S-9 as the stabilizer precursor, 1 7 ml. of catalyst was used to give 83.5% conversion of 
monomers to polymer with an~fiffv of 67,000 and INOPO of 6.3, The slurry was a very stable thick milk 
and survived warming to room temperature and replacement of the methyl chloride with MIBK without 
agglomeration. Slurry particle size was much less than 0.1 mm. In run 6(b) with S-10a$ the stabilizer 

35 precursor, 1 6 ml. of catalyst gave 82.5% conversion of monomers to polymer with an Mv of 67,000 
and INOPO of 6.2. Again the slurry was a very stable thick milk which survived warming to room 
temperature with no agglomeration. Material balance calculations and polymer analyses showed that 
0,58% by weight of polystyrene had become incorporated in non-extractable form in run 6(a) and 
0.64% of polystyrene in run 6(b). Thus, good incorporation of the functional polystyrene was achieved 

40 and excellent slurry stability was produced. Photographs taken of the slurries at room temperature in 
MIBK showed the excellent stable slurries which were achieved in these runs. The control was a solid 
mass of butyl in clear MIBK; both stabilized slurries appear as stable fine dispersions of the butyl 
particles in MIBK. 

These experiments show that functional polystyrenes are very effective stabilizer precursors for 
45 butyl slurries and that at low (and thus economical) incorporation levels (-0.5% on rubber) very stable 
slurries can be achieved. The use of these stabilizer precursors and subsequent in situ formation of 
stabilizer would permit polymerization at much warmer temperatures than can now be used and would 
permit recovery of refrigeration energy from the cold reaction product by employing heat exchange 
with warm reactor feed. 



50 Example 7 

This example Illustrates the use of a block copolymer formed in situ by a chain transfer or co- 
catalytic initiation mechanism. A chlorine-capped polystyrene was prepared by radical polymerization 
of styrene in carbon tetrachloride at 70°C using AZBN (azobisisobutyronkrile) as the intiator. The initial 
styrene concentration was 43.5% by weight and the polymerization was carried out to 28.5% by 
55 weight conversion of styrene. A chlorine-capped polystyrene with a viscosity average molecular 
weight of 1 6,700 was recovered and had the following structure: 
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CC1 3 —f- CH 2 - CH CH 2 - CH - CI 



It was evaluated as a slurry stabilizer precursor according to the method of Example 4 and yielded 
an excellent stable isobutylene-isoprene butyl rubber slurry which survived warming to room 
temperature in MIBK as a very fine stable slurry. A comparative control polymerization reaction 
5 containing no stabilizer agglomerated completely. 5 

Example 8 

This example is another illustration of the use of a block copolymer formed in situ by a chain 
transfer or co-catalytic initiation mechanism. 

A styrene-vinyl benzyl chloride copolymer was prepared by radical polymerization in toluene at 
1 0 80°C using AZBN as the initiator. The feed charge was 44.3% by weight monomers in toluene with 29% 1 0 
by weight of vinyl benzyl chloride on styrene, and the polymerization was carried to 40.5% by weight 
conversion. The styrene/vinyl benzyl chloride copolymer with a viscosity average molecular weight of 
35,200 was recovered. 

It was evaluated as a slurry stabilizer precursor according to the method of Example 4A and 
1 5 yielded an excellent stable isobutylene-isoprene butyl rubber slurry which survived warming to room 1 5 
temperature in MIBK as a very fine stable slurry. A control polymerization reaction containing no 
stabilizer agglomerated completely. 

Example 9 

This example is an illustration of a block copolymer formed in-situ by a chain transfer or 

20 cocatalytic initiation mechanism as a slurry stabilizer for a polyisobutylene slurry in methyl chloride. For 20 
this series of dry box runs, a feed blend consisting of 1 0.9% isobutylene in methyl chloride was 
prepared and aliquots were charged into the 500 ml. reactors for individual polymerization runs. Each 
run was conducted with 460 grams of feed consisting of 50 grams of isobutylene and 41 0 grams of 
methyl chloride. Polymerizations were initiated at a temperature of-45°C by dripping in a 0.14% AICI 3 

25 in methyl chloride catalyst solution into the stirred feed maintained at a temperature of -45-*-40°C. 25 
After sufficient polymer had been formed, the polymerization was quenched with cold MIBK and 
transferred to a hood where it was allowed to warm slowly with stirring and cold MIBK was added as 
the methyl chloride flashed off as in the prior examples. 

Run 9B was a control run containing no stabilizer. 0.5 grams of stabilizer precursor were added to 

30 the feed for Runs 9A and 9C and stirred in to dissolve the stabilizer precursor before polymerization, 30 
the stabilizer level was 1% on the isobutylene. 

The stabilizer precursor used in Run 9A was a chlorine-capped polystyrene prepared by radical 
polymerization of styrene in carbon tetrachloride at 70°C using AZBN as the initiator. The initial 
styrene concentration was 65.2% and polymerization was carried to 40.1% conversion of the styrene. 

35 The chlorine-capped polystyrene had a viscosity average molecular weight of 29,340, contained 35 
2.27% chlorine and had the following structure: 



CC1 3 — I CH 2 CK I CH 2 - C H - Cl 

0/n d) 

The stabilizer precursor used in Run 9C was a styrene/vinyl benzyl chloride copolymer prepared 
by radical polymerization in toluene at 80°C using AZBN as the intiator. The feed charge was 54.4% 

40 monomers in toluene with 0.8 1 % by weight vinyl benzyl chloride on styrene and polymerization was 40 
carried to 46,1% conversion. The styrene/vinyl benzyl chloride copolymer had a viscosity average 
weight of 40,1 50 and contained 0.21% chlorine due to the incorporated vinyl benzyl chloride. Its 
structure was as shown hereinabove {on page 1 3, lines 6 — 8). 

In the control run with no stabilizer (98), the polyisobutylene completely agglomerated during 

45 polymerization and was removed from the dry box as a large mass of polymer in clear liquid-stirring 45 
was impossible. 49.25 grams of polyisobutylene were recovered with a viscosity average molecular 
weight of 92,000. 

The runs containing in-situ formed stabilizers, 9A and 9C, both yielded fine stable milky 
dispersions which survived warming to warm temperature as fine stable dispersions with most 
50 particles too small to be visible to the naked eye. Microscopic examination of the dispersions in MIBK 50 
at room temperature showed the particles in both were mostly below 1 fi in diameter. In Run 9A, 28.70 
grams of polyisobutylene of Mv — 79,200 were recovered while In Run 9C, 30.1 7 grams of 
polyisobutylene of Mv — 58,900 were recovered. The polyisobutylene produced in Run 9A contained 
0.63% unextractable polystyrene while that in Run 9C contained 0.64% unextractable polystyrene. 
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This run shows that slurry stabilizers are effective at stabilizing polyisobutylene slurries in methyl 
chloride just as with butyl rubber slurries. As little as 0.63% bound polystyrene on the polyisobutylene 
is capable of preventing agglomeration of the polyisobutylene slurry and allowing it to survive as a 
stable slurry up to room temperature so that the refrigeration energy could be recovered from the 
5 reactor effluent by heat exchange with warm reactor feed. . 5 

Example 10 

This example is an illustration that the same stabilizers which effectively stabilize a butyl slurry in 
methyl chloride are also effective stabilizers for a butyl slurry in methylene chloride. For this series of 
dry box runs a feed blend of isobutylene and isoprene in methylene chloride was prepared and divided 
1 0 into aliquots for the individual polymerization runs. A 600 gram aliquot of this feed blend was charged 1 0 
to the 500 ml. reactors as in the previous examples for polymerization runs. The feed for each run then 
was 97.0 grams isobutylene, 3.0 grams isoprene, 500.0 grams methylene chloride. Polymerization 
was initiated by dripping in a 0.20% catalyst solution of AICl 3 in methylene chloride into the stirred feed 
at a temperature of — 97°C and maintaining reactor temperature between —97 and — 92°C. After 
1 5 sufficient polymer had formed the polymerization was quenched with 1 0 ml. of cold MIBK and then 1 5 
transferred to a hood and allowed to warm with slow stirring. Since methylene chloride boils at 39.8°C 
it did not boil off as the slurry warmed and so it was not necessary to add more MIBK. The final slurry at 
room temperature was still in the methylene chloride polymerization diluent. 

Run 1 0A was a control run containing no stabilizer. Run 10B contained 1.0 grams of a chlorine- 
20 capped polystyrene (1% on monomers) dissolved in the feed prior to initiating polymerization and Run 20 
1 0C contained 4.0 grams of a vinyl benzyl chloride-capped polystyrene (4% on monomers) dissolved 
into the feed prior to initiating polymerization. The chlorine-capped polystyrene used as a stabilizer 
precursor in Run 10B was prepared by radical polymerization of styrene in carbon tetrachloride at 70°C 
using AZBN as the initiator. The initial styrene concentration was 80% and polymerization was carried 
25 to 49.9% conversion. This chlorine-capped polystyrene had a viscosity average molecular weight of 25 
54,010 and contained 2.47% chlorine. 

The VBC-capped polystyrene used as a stabilizer precursor in Run 1 PC was prepared by anionic 
polymerization using n-butyi lithium catalysts. It had an Mn of 34,1 00 and Mw 46,300. 

In the control polymerization (Run 1 0A with no added stabilizer) a coarse slurry formed in the 
30 reactor with the butyl slurry particles showing a strong tendency to rise to the surface and agglomerate 30 
and plate out on the reactor walls and stirrer. When the reactor was transferred to the hood, the butyl 
rubber all rose to the surface and agglomerated into a mass of polymer so that stirring was impossible. 
However as the reactor warmed, the butyl rubber mass appeared to imbibe the diluent phase 
(methylene chloride and unreacted monomers) and softened and expanded to nearly fill the entire 
35 reactor volume. The diluent containing polymer mass became soft enough that stirring could be 35 
resumed, but the reactor contents were an extremely viscous gel-like mass of highly diluent swollen 
polymer. When stirring was stopped at room temperature, the reactor was almost entirely filled with a 
viscous gel-like mass of diluent swollen polymer with only a small amount of a clear thin liquid phase 
(methylene chloride) on the top. When acetone was stirred in, the rubber mass immediately exuded the 
40 diluent phase to form a normal precipitated mass of butyi rubber which was removed and washed in 40 
alcohol prior to vacuum oven drying. 35.92 grams of butyl rubber of Mv 273,000 were recovered (the 
relatively low molecular weight was probably due to poisons present in the methylene chloride used). 
The unstable slurry in methylene chloride was quite different from that in methyl chloride because the 
methylene chloride is much more soluble in the rubber but the unstabilized slurry in methylene chloride 
45 is also badly fouling and could not be cooled effectively in the reactor or heat exchanged with incoming 45 
feed to recover refrigerant energy. 

In Run 10B with 1% of the chiorinen^pped polystyrene dissolved in the feed as stabilizer 
precursor, a stable slightly yellowish milky slurry formed in the reactor with the yellowish tint 
disappearing when the MIBK quench was added. The milk was nice and fluid with little tendency to rise 
50 or plate out. It was transferred to the hood as a fine stable milky dispersion. As it was allowed to warm 50 
with stirring, it remained as a stable thin fluid which was easily stirred but changed in appearance 
becoming more of a translucent emulsion in appearance than an opaque milky dispersion. At room 
temperature it remained as a nice fluid stable emulsion which could be pumped or heat exchanged 
easily. It did not separate when stirring was stopped. When acetone was stirred in, the emulsion 
55 changed in appearance and became a fine particulate dispersion of butyt rubber particles of size 55 
ranging from invisible to ~1 mm. The dispersion was fluid and stable while stirring. When stirring was 
stopped the butyl particles slowly rose to leave a slightly cloudy liquid layer at the bottom, but easily 
redispersed when stirring was resumed. The rubber was recovered by drawing off the bottom 
methylene chloride/acetone layer and reslurrying the rubber particles twice in acetone to extract any 
60 uncombined polystyrene. The rubber particles reslurried easily in the acetone to form a stable 60 
dispersion which settled slowly when stirring was stopped. The extracted slurry particles were caused 
to agglomerate into a mass by adding methanol and then washed and vacuum oven dried to recover 
39.65 grams of butyl rubber of Mv 21 7,800, The butyl rubber contained 0.46% unextractable 
polystyrene. This experiment shows that small and economic amounts of a stabilizer are able to 
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stabilize a butyl rubber slurry in methylene chloride to realize all of the benefits previously recited for 
stabilized butyl rubber slurries in methyl chloride. 

In Run 1 0C with 4% of the vinyl benzyl chloride-capped polystyrene dissolved in the feed as 
stabilizer precursor the behavior was very much as in Run 1 0B. A stable slurry was formed and a fluid 

5 easily stirred system persisted during warming as contrasted to the unstable fouling viscous gel-l.ke 
system which formed in the control polymerization containing no stabilizers. However, the final 
dispersion of butyl rubber in the methylene chloride/acetone mixture of Run 10C wassomewhat 
coarser than that of Run 1 0B despite the larger amount of stabler precursor used. The chlonne- 
capped polystyrene is effective at lower concentration than Is the vinyl benzyl chloride capped 

1 0 Dolvstvrene 3 1 .66 grams of butyl rubber of Mv=288.200 were recovered from this run. The rubber 
continued 0 71% unextractabte polystyrene acting as the slurry stabilizer This expenment shows that 
the stabilizers which are effective for producing stable butyl rubber or polyisobutylene 
chloride are also effective for producing stable butyl rubber or polyisobutylene slurries in methylene 
chloride. 
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The previous examples of the effectiveness of slurry stabilizers have all been batch 
polymerizations in a dry box, whereas commercially produced butyl rubber a ^J>^s^mB»e 
normally produced in continuous reactors in which the slurry is pumped around through heat exchange 
tubes to remove the heat of polymerization. As a further demonstrate of the pract.ca "«nn1arK»pf 
■ 20 this invention we have conducted experiments in a small pilot unrt continuous reactor to illustrate the 
effectiveness of slurry stabilizers under continuous production conditions. These «P""^ ™" 
conducted in a one gallon continuous stirred draft tube reactor which Is a small * 
commercial butyl reactors. The reactor was a modified, draft-tube containing well-sttrred tank type 
reactor of nominal one gallon capacity and containing 2.86 square feet of heattransfer surface to 
25 emove tnS h«t of polymerization and maintain the reactor at polymerization temperature Up to our 
f eed °anc I catalyst streams could be chilled and metered continuously into the reactor and the reactor 
X^wcStnuau,* overflowed through a 3/4 Inch line into chilled product slurry rece«vers for 
queThirTg and recovery. Reactor temperature was maintained and controlled by circulating a heat 
transfer fluid at a controlled temperature and rate through the reactor heat transfer surfaces. 
30 Previously it has been found that small pilot unit butyl reactors are not able o operate at as hugh 30 
slurrv concentrations as the larger commercial reactors because of the much smaller size of the inlet 
andXS pTr£?nXat transferpassages in the small pilot reactors. Typically one gallon pilot reactors 
are ifmited ^operation with a 12 to 14% slurry whereas 1 700 gallon commercial reactors ; have 
ooerated with 25 to 30% slurries. Nevertheless, improvements in the operation of the small pilot 
35 Snn generally translatable to improvements in operation of the larger com mercal reactors 35 
35 reactors a« g^ co y nvemjonal runs without added stabilizers h was found tha the one gallon plot 
unit butyl reactor used In these experiments could operate successfully at a 1 2 to 14* slurry 
concern ion but fouled out quite rapidly when attempts were made to operate at signrficantly higher 
r^ cSntrations. Steady-state operating conditions for a typical run. Example 1 1 A. at an operable ^ 

40 ^™^™f££ ^prepared, chilled and metered Into the stirred and cooled reactor. 
Sed 1 was 34% monomers, consisting of 3% isoprene and 97% isobutylene In methyl chloride 
and was fed into the bottom draft tube of the reactor at a rate of 8 1 .2 grams ; per _minute 

Feed 2 was a pure methyl chloride stream and was metered and chilled and then blended with ^ 
45 Feed 1 and fed into the reactor at a rate of 80.8 grams per minute. • .. 

Feed 3 was the catalyst stream consisting of 0.20% AICI, in methyl chlonde and was fed into the 
top annulus of the reactor at a rate of 1 0.0 grams per minute. 
Total feeds in gram per minute to the reactor then were: 

Isoprene 0.83 5Q 

50 Isobutylene zo.// 

Methyl Chloride 144.37 
AICI, 0- 02 

Total 171.99 

At steady-state the reactor effluent was a 1 4% slurry of butyl rubber in methyl chloride plus 
55 unreacted monomers. The reactor effluent consisted of: 

24.1 grams Butyl Rubber 

3.5 grams Monomers 

144.37 grams Methyl Chloride 

0.02 grams AICI 3 



55 



60 171.99 grams Total 
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Reactor temperature was controlled at -96°C and the effluent was a thick yellowish slurry which 
turned white upon quenching. Conversion of monomers to polymer was 87% and the reactor was 
operating at about the maximum sustainable slurry concentration. Slow fouling was evidenced by the 
need for a slowly increasing temperature difference between the coolant and reactor contents in order 
5 to maintain temperature.. Efforts to establish a steady-state at a higher slurry concentration resulted in 
very rapid fouling out of the reactor. , 

In contrast to this introduction of a slurry stabilizer has enabled stable steady-state operation with 
minimal fouling rates to be achieved at much higher slurry concentrations. 

In Example 1 1 B, the vinyl benzyl chloride capped polystyrene ofExample 1 0 C was used as the 
1 o stabilizer precursor. This anionically polymerized polystyrene had an Mn of 34,1 00 and an Mw of 
46,300. It was dissolved in methyl chloride to yield a 4.76% solution of the functional polystyrene in 
methyl chloride as a feed to the reactor. The feeds to the reactor for this example were: 

Feed 1 was 51 .1 % monomers, consisting of 2.38% isoprene and 97.62% isobutylene. in methyl 
chloride and was fed into the bottom draft tube of the reactor at a rate of 78.0 grams per minute. 
1 5 Feed 2 was 4.76% VBC-capped polystyrene in methyl chloride and was metered and then 
blended with feed 1 and fed into the reactor at a rate of 1 6,9 grams per minute. 

Feed 3 was the catalyst stream consisting of 0.20% AlCI 3 in methyl chloride and was fed into the 
top annulus of the reactor at a rate of 1 5.0 grams per minute. • *_ * ^ « ^ o 

Feed 4 was pure methyl chloride and was metered chilled and then blended with feeds 1 and 2 
20 and fed into the reactor at a rate of 26.9 grams per minute. 

Total feeds, in grams per minute, to the reactor then were: 



25 



The stabilizer precursor level was 2.0% on monomers. At steady-state the reactor effluent was a 
22% slurry of butyl rubber in methyl chloride plus unreacted monomers. The reactor effluent consisted 
30 of: 

30.10 grams butyl rubber 
9.76 grams monomers 

96.1 1 grams methyl chloride 

0.80 grams polystyrene (partly bound to butyl) 
35 0.03 grams AlCl 3 

136.8 

Reactor temperature was controlled at -96°C and the effluent was a thin yellow very fine 
dispersion of butyl rubber particles which turned white upon quenching. Conversion of monomers to 
butyl was 75.5% and the reactor was operating smoothly producing a very fluid stable slurry with no 

40 evidences of any reactor fouling. This is a much higher slurry concentration than could be achieved 
without the stabilizer present As a further demonstration of the beneficial effect of the stabilizer. Feed 
2 to the reactor was simply replaced with a pure methyl chloride stream so feed to the reactor 
remained unchanged except that no functional polystyrene stabilizer precursor was being fed. WUhin a 
few minutes the effluent began to become coarser and to thicken and very rapid reactor fouling began 

45 to occur. Polymer began to severely plate out inside the overflow tube and on the heat transfer 
surfaces (as evidenced by an increase in the temperature difference between coolant and reactor). 
Within 1 5 minutes it was no longer possible to maintain reactor temperature because of the fouling 
inside the reactor and the reactor began to warm. Within 20 minutes the reactor had completely 
plugged with agglomerated rubber— the stirrer jammed and the overflow was solidly plugged. The run 

50 had to be stopped and the reactor solvent-washed to remove the agglomerated rubber deposited 

within it . , . 

After thoroughly washing the reactor to clean it, an attempt was made to restart it under tne 
same conditions with pure methyl chloride for Feed 2 so there was no stabilizer precursor being fed. 
Polymerization initiated well but as slurry concentration began to build in the reactor, the effluent 
55 became very thick and rapid fouling ensued. Within less than an hour, long before a steady-state had 
been achieved, the reactor was completely fouled out and plugged again. Clearly this reactor cannot 
operate at such a high slurry concentration without a stabilizer present and the great benefits of VBC- 
capped polystyrene as a slurry stabilizer precursor in a continuous butyl reactor are evident. 

In Example 1 1 C, a styrene/vinyl benzyl chloride copolymer produced by radical polymenzation 
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isoprene 0,95 

isobutylene 38.91 
Methyl Chloride 96.11 

VBC-Capped Polystyrene 0.80 zo 

AICI3 0.03 

Total 136.80 
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was used as stabilizer precursor. This functional polystyrene was prepared by radically poymenzing a 
54.8% monomer (styrene plus vinyl benzyl chloride) in toluene feed containing 1.0% vinyl benzyl 
chloride on monomers to 48.2% conversion at 80»C with AZBN as the inrtiator. The functional styrene 
copolymer produced had anTvTv of 42.000 and contained 0.3 1 % chlorine due to the copolymenzed 
5 vinyl benzyl chloride. It was dissolved in methyl chloride to yield a 2.35% solution of the functional » 
polystyrene in methyl chloride as a feed to the reactor. The feeds to the reactor for this example were: 
Feed 1 was 77.4% monomers, consisting of 2.65% isoprene and 97.35% isobutylene. .n methyl 
chloride and was fed into the bottom draft tube of the reactor (up the propeller shaft) at a rate of 49.9 

9ramS F eed 2wa t s e 2.35% of the styrene/vinyl benzyl chloride copolymer stabilizer precursor in methyl 1 0 
chloride. It was metered, chilled, and then blended with chilled Feed 1 and fed into the reactor at a rate 

of 23 grams per minute. , , . . .„ 

Feed 3 was the catalyst stream consisting of 0.28% AICI, in methyl chloride and it was fed into 
the top annulus of the reactor at a rate of 10.7 grams per minute. c j < jo 1* 

1 5 Feed 4 was pure methyl chloride and was metered, chilled, and then blended with Feeds 1 and 2 15 

and fed into the reactor at a rate of 42.0 grams per minute. Total feed in grams per minute, to the 
reactor then were: 



20 



Isoprene 

Isobutylene 37 -°° 

Methyl Chloride 85 - 91 
Radical StyreneA/inyl Benzyl 

Chloride Copolymer 0.54 
AICI 3 



20 



0.03 



Total 



125.1 
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The stabilizer precursor level was 1.4% on monomers. ^ 25 

At steady-state the reactor effluent was a 30.0% slurry of butyl rubber in methyl chloride plus 
unreacted monomers. The reactor effluent consisted of: 

37.53 grams Butyl Rubber 

1 .09 grams Monomers 
85.9 1 grams Methyl Chloride 30 
0.54 grams Polystyrene (partly bound to butyl) 
0.03 grams AICI 3 



35 



125.1 grams Total 

Reactor temperature was controlled at -93°C and the effluent was a smoothly flowing, yellow 

35 tinted, non-fouling very fine dispersion of butyl rubber particles which turned wh.te upon quenching. 
Conversion of monomers to butyl was 97.2% and the reactor was operating smoothly producing a 

stable slurry with no evidences of fouling. . 

Feed 2 to the reactor was then simply replaced with a pure methyl chlonde stream so that feed to 
the reactor remained unchanged except that no functional polystyrene stabilizer precursor ^was being 

40 fed. As in Example 11 B. within a few minutes the reacto^^^ 40 
very rapid reactor fouling commenced. Within 1 5 minutes the reactor had warmed an ' P^d-the 
stirrer was jammed and the reactor was full of agglomerated slurry. The run had to be stopped and the 
SaTto waSand solvent-washed to dissolve the butyl rubber deposited in it. This expenmen .again 
demonstrates the effectiveness of a stabilizer in improving butyl reactor performance and enables he 

45 benefits cited in this invention to be realized. With the stabilizer present, the reactor could be operated 
at more than double the slurry concentration possible without it. 

Ttese experiments in the continuous pilot unit butyl reactor have shown that the stabilizers which 
were effective in the batch dry box runs are also effective in a continuous reactor and make it practical 
to achieve on a commercial scale all of the benefits noted in this invention for the use of slurry 

50 stabilizers in the production of butyl rubber. 

C ' aim f A method of stabilizing a polymerization slurry of C«-C 7 isoolefin ho'mopolymers or butyl 
rubbe^co P o^yme re °n a polymerization diluent selected from methyl chloride methylene chlonde. vinyl 
chloride or ethyl chloride which comprises incorporating Into the reaction mixture or into ™ 
55 polyntSt^n p^duct slurry a stabSzing agent wherein the stabilizing ^•^SSST Q 
lyophilic polymerization diluent soluble portion and a lyophob.c polymenzat.on diluent ^nsoluWe _ 
portion, said latter portion being soluble in or adsorbable by said homopolymer product 
and wherein incorporation of stabilizer into the reaction mixture or product slurry is effected by (.) 
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adding a preformed stabilizer copolymer or (ii) adding as a stabilizer precursor a lyophilic polymer 
containing as a functional group capable of copolymerizing or forming a chemical bond with said 
product polymer a cationically active halogen or cationically active unsaturation whereby the stabilizing 
agent is formed in situ by reaction with product polymer said product polymer forming the lyophobic 
5 portion of the copolymer. . . 

2. A method according to claim 1 wherein 0.05% to 20% by wt. based on the weight of product 
polymers of a stabilizing agent is employed. 

3. A method according to claims 1 or 2 wherein the diluent Is methyl chloride. 

4. A method according to claims 1—3 wherein the product polymer is butyl rubber or 
10 polyisobutylene homopolymer. t 

5. A method according to claim 4 wherein the product polymer is isobutylene-isoprene butyl 
rubber having a viscosity average molecular weight of about 1 00,000 to 800,000. 

6. A method according to claim 5 wherein the isobutylene-isoprene butyl rubber has a viscosity 
average molecular weight of about 250,000 to about 600,000. 

15 7. A method according to claims 1—6 wherein the stabilizing agent is a preformed copolymer. 1 & 

8. A method according to claim 7 wherein the lyophilic portion of the preformed copolymer is 
polystyrene, polyvinyl chloride, polyvinyl bromide, neoprene or mono-, di-, ortri-substituted 
polystyrenes, the substituents being halogen or C,—C s alkyl groups, the lyophilic portion having a 
degree of polymerization of from about 20 to about 6,000. 

20 9 A method according to claim 8 wherein the lyophobic portion of the preformed copolymer is 20 

selected from polymerized C«— C 7 isoolefins, butyl rubber copolymers, polybutadiene, poiyisoprene, 
ethylene-propylene copolymers, EPDM terpolymers, hydrogenated diene polymers, styrene/butadiene 
random copolymers of low styrene content (SBR rubbers), and polydimethyl silicones, the lyophobic 
portion having a degree of polymerization of at least about 10. 

25 1 0. A method according to claims 1 —6 wherein an in situ stabilizing agent formed from the z& 

stabilizer precursor is employed. 

1 1 . A method according to claim 1 0 wherein the lyophilic stabilizer precursor contains 
cationically active pendant or enchained halogen. 

1 2. A method according to claim 1 1 wherein the lyophile is polystyrene and the halogen is 

30 chlorine. , , t , , , ' ... 

1 3 A method according to claim 1 2 wherein the lyophile is prepared by free radical 
polymerization of styrene in the presence of carbon tetrachloride or by copolymerization of styrene with 

vinyl benzyl chloride. . . . . n 

1 4. A method according to claim 1 0 wherein the lyophile is polystyrene containing cationically 

35 active unsaturation. 

1 5. A method according to claim 1 4 wherein the lyophilic styrene polymer is prepared by 
anionically polymerizing styrene and capping it with vinyl benzyl chloride or methallyl chloride. 

1 6. A method according to claim 1 0 wherein the stabilizer precursor is a functional polystyrene 
having a number average molecular weight of from about 5,000 to 1 50,000. 

40 1 7. A method according to any of the preceding claims wherein the Lewis acid cationic 40 
polymerization is conducted at temperatures from about -90°C to about -20°C. ^ 

1 8. A method according to claim 17 wherein the slurry contains up to about 50% by weight Lutyl 
rubber copolymer or isoolefin homopolymer. 

1 9. A slurry product which is produced by the method of any of the preceding claims. 

45 20. A slurry product which is produced by the method of any one of Examples 1 , Run 1 and 2, 45 
Example 2B, 3, 4, Run B, Example 4A, 5—8, 9A, 9C, 1 0B and C and 1 1 B and C. ^ 

2 1 . A homopolymer or copolymer product which is produced by the method of any of claims 1 — 

1 8. 

22. A homopolymer or copolymer product which is produced by the method of any one of 

50 Examples 1 , Runs 1 and 2, Example 3, Example 4, Run B, Example 5, Example 9, Runs 9A and 9C and 50 
Example 10- 
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